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The k-essence emergent Reissner-Nordstrom-de Sitter spacetime has exactly mapped on to the
Robinson-Trautman (RT) type spacetime with cosmological constant Λ for certain configuration of
k-essence scalar field. Theoretically, we evaluated that the thermodynamical quantities for the RT
type emergent black hole is different from the usual one in the presence of kinetic energy of the
k-essence scalar field i.e., the dark energy density. We restrict ourselves into the fact that the dark
energy density (K) is to be unity, then the effective temperature and pressure both are negative
for the RT type emergent black hole which implies that the system is thermodynamically unstable
when the charge Q 6= 0 and the emergent spacetime is only dark energy dominated and it does not
radiate when Q = 0. The thermodynamically unstable situation is physically plausible only when
we consider spin degrees of freedom of a system. We have made this analysis in the context of dark
energy in an emergent gravity scenario having k-essence scalar fields φ with a Dirac-Born-Infeld
type lagrangian. The scalar field also satisfies the emergent equation of motion at r →∞.
PACS numbers: 04.20.q, 04.70.s, 04.70.Bw
I. INTRODUCTION
The differences between the k-essence theory with non-
canonical kinetic terms and the relativistic field theories
with canonical kinetic terms are that nontrivial dynami-
cal solutions of the k-essence equation of motion not only
spontaneously break Lorentz invariance but also, change
the metric for the perturbations around these solutions.
Thus the perturbations propagate in the so-called emer-
gent or analogue curved spacetime [1–5] with the metric
which is different from the gravitational one. The emer-
gent gravity metric G˜µν is not conformally equivalent to
the gravitational metric gµν . The general form of the la-
grangian for k-essence model is: L = −V (φ)F (X) where
φ is k-essence scalar field, X = 12g
µν∇µφ∇νφ and does
not depend explicitly on φ to start with [1–11]. The La-
grangian for k-essence scalar fields contain non-canonical
kinetic terms. Relevant kinds of literature [12]-[26] for
such fields discuss issues on cosmology, inflation, dark
matter, dark energy and strings.
Research interest in the context of the Hawking radi-
ation as well as the thermodynamics of black holes has
gained momentum in several years. Based on a specific
Dirac-Born-Infeld [27–29] model for the k-essence scalar
field and specific standard physical black hole spacetimes
such as Schwarzschild, Reissner-Nordstrom, the emergent
spacetime is establishing conformal invariance with the
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Barriola-Velenkin, Robinson-Trautman (RT) type space-
times [6, 7] and for the Kerr, Kerr-Newman and Kerr-
Newman-AdS background, the emergent metrics are sat-
isfying Einstein equation for large r along θ = 0 [7, 8].
Also, in the above references, the authors have estab-
lished the modification of the Hawking temperature [30]-
[44] in the presence of dark energy in an emergent gravity
scenario.
Researchers [45–55] focus on the thermodynamics of
black holes with cosmological constant Λ and describe
thermodynamical first law of black hole horizon space-
times with Λ, through the mechanical first law (MFL).
The MFL is a geometrical relation and it relates the vari-
ations of the mass parameter, horizon area and other
supplemental quantities. For example, the MFL of the
Schwarzschild black hole is equivalent to its thermody-
namical first law by using the mass as the only variable
which describes the effect of a single horizon on the MFL.
The mass parameter M and the cosmological constant Λ
are regarded as two independent variables in the MFL
for spacetimes with a cosmological constant Λ which pos-
sess the black hole event horizon (BEH) and cosmological
event horizon (CEH). Also, in [56, 57], the authors have
studied the thermodynamics and phase structure of the
de Rham, Gabadadze, and Tolley (dRGT) massive grav-
ity [58, 59] spacetime. They have evaluated the mass,
temperature and entropy of the dRGT black hole, and
also performed thermodynamical stability analysis. They
have shown that the presence of the graviton mass com-
pletely changes the black hole thermodynamics. They
also have discussed how the linear term γr in the met-
ric, which is the unique character of the dRGT massive
gravity, affected the structure of the spacetime.
2In this work, we investigate theoretically the ther-
modynamical behaviour of a black hole in the presence
of dark energy in an emergent gravity scenario for the
Reissner-Nordstrom-de Sitter background using the k-
essence model. Mention that one class of theoretical
model to investigate the effects of the presence of dark
energy on cosmological scenarios are k-essence models
where background metrics are the usual gravitational
metric. We find here the emergent spacetime in the pres-
ence of dark energy can be mapped on to the Robinson-
Trautman(RT) type spacetime with cosmological con-
stant Λ. Also, we find when the charge Q = 0 and
the dark energy density is constrained to be unity then
Hawking temperature is zero and when the charge Q 6= 0,
the temperature is negative i.e. this RT type of emergent
spacetime is thermodynamically unstable. So we can say
that the thermodynamics of this RT type black hole is dif-
ferent from [7]. Note that in the Ref. [7], when the dark
energy density is unity this black hole has zero Hawking
temperature also but the charge Q is non-zero. Also, we
clearly mention that in this work we can not study the
massive gravity in the context of the emergent gravity
scenario.
The paper is organized as follows: we are briefly de-
scribe the k-essence theory and emergent gravity [1–5]
where G˜µν contains the dark energy field φ and this
should satisfy the emergent gravity equations of motion
in section 2. Again, for G˜µν to be a blackhole metric,
it has to satisfy the Einstein field equations. In section
3, we have shown that the emergent gravity metric hav-
ing background metric is Reissner-Nordstrom-de Sitter
(RNdS) mapping on to Robinson-Trautman (RT) type
metric with cosmological constant Λ. So Einstein field
equation is automatically satisfied. The k-essence scalar
field φ is also satisfied emergent gravity equation of mo-
tion at r → ∞. In section 4, we discuss the first law of
thermodynamics in the context of dark energy and calcu-
late the various thermodynamical quantities of RT type
emergent spacetime with cosmological constant Λ. The
last section is the conclusion of our work.
II. BRIEF REVIEW OF THE K-ESSENCE AND
EMERGENT GRAVITY
In the k-essence theory, the action is [1–8]
Sk[φ, gµν ] =
∫
d4x
√−gL(X,φ) (1)
where X = 12g
µν∇µφ∇νφ, gµν is the gravitational metric
and φ is the k-essence scalar field. The energy momen-
tum tensor is
Tµν ≡ 2√−g
δSk
δgµν
= LX∇µφ∇νφ− gµνL (2)
LX =
dL
dX , LXX =
d2L
dX2 , Lφ =
dL
dφ and ∇µ is the co-
variant derivative defined with respect to the metric gµν .
The equation of motion is
− 1√−g
δSk
δφ
= G˜µν∇µ∇νφ+ 2XLXφ − Lφ = 0 (3)
where
G˜µν ≡ LXgµν + LXX∇µφ∇νφ (4)
and 1 + 2XLXXLX > 0.
The emergent gravity metric G˜µν is not conformally
equivalent to the gravitational metric gµν for the non-
trivial configurations of the k-essence field φ, ∂µφ 6= 0
(for a scalar field,∇µφ ≡ ∂µφ ), hence for the k−essence
theory, the characteristics are do not coincide with those
ones for canonical scalar field the Lagrangian of which
depends linearly on the kinetic term X . So this k-essence
field φ has properties different from canonical scalar fields
defined with gµν and the local causal structure for this
field is different from those one defined by metric gµν .
Carrying out the conformal transformation Gµν ≡
cs
L2
x
G˜µν , with c2s(X,φ) ≡ (1 + 2X LXXLX )−1 ≡ sound speed
we have the inverse metric of Gµν is [1–5]
Gµν =
LX
cs
[gµν − c2s
LXX
LX
∇µφ∇νφ] (5)
A further conformal transformation [6, 7] G¯µν ≡ csLXGµν
gives
G¯µν = gµν − LXX
LX + 2XLXX
∇µφ∇νφ (6)
Note that here always have LX 6= 0 for the sound speed
c2s to be positive definite and only then equations (1)−(4)
will be physically meaningful. This can be seen as fol-
lows. LX = 0 means that L independent of X so that
in equation (1), L(X,φ) ≡ L(φ). Then L becomes pure
potential but k−essence fields correspond to such type of
lagrangians where the kinetic energy dominates over the
potential energy. Also the very concept of minimal cou-
pling of φ to gµν becomes redundant and equation (1)
meaningless and equations (4-6) ambiguous.
Again, if we consider L is not an explicit function of φ
then the equation of motion (3) is reduces to:
− 1√−g
δSk
δφ
= G¯µν∇µ∇νφ = 0 (7)
We shall take the Lagrangian as L = L(X) = 1 −
V
√
1− 2X with V is a constant. This is a particular
type of the Dirac-Born-Infeld (DBI) [27–29] lagrangian
L(X,φ) = 1− V (φ)
√
1− 2X (8)
for V (φ) = V = constant and kinetic energy of φ >>
V i.e.(φ˙)2 >> V . This is typical for the k-essence field
where the kinetic energy dominates over the potential
energy. Then c2s(X,φ) = 1−2X . For scalar fields ∇µφ =
∂µφ. Thus (6) becomes
G¯µν = gµν − ∂µφ∂νφ (9)
3III. MAPPING ON TO THE
ROBINSON-TRAUTMAN TYPE METRIC WITH
COSMOLOGICAL CONSTANT Λ WHEN
BACKGROUND METRIC IS
REISSNER-NORDSTROM-DE SITTER
We consider the gravitational metric gµν to be
Reissner-Nordstrom- de Sitter (RNdS) and denote ∂0φ ≡
φ˙, ∂rφ ≡ φ′. The line element of RNdS metric [45–
47, 60, 61] is
ds2 = f(r)dt2 − dr
2
f(r)
− r2dΩ2 (10)
with
f(r) = (1− 2M
r
+
Q2
r2
− Λ
3
r2) (11)
where M is the mass of the black hole, Q its charge and
Λ is the cosmological constant (Λ > 0) and dΩ2 = dθ2 +
sin2θ dΦ2.
Assuming that the k-essence field φ(r, t) is spherically
symmetric, one has to obtain from (9)
G¯00 = g00 − (∂0φ)2 = f(r)− φ˙2;
G¯11 = g11 − (∂rφ)2 = − 1
f(r)
− (φ′)2;
G¯22 = g22 = −r2; G¯33 = g33 = −r2sin2θ;
G¯01 = G¯10 = −φ˙φ′. (12)
The emergent line element is
ds2emer = (f(r) − φ˙2)dt2 − (
1
f(r)
+ (φ′)2)dr2
−2φ˙φ′ dtdr − r2dΩ2. (13)
Now making a coordinate transformation such as [6, 7,
62] :
dω = dt− ( φ˙φ
′
f(r)− φ˙2 )dr. (14)
and we choose
φ˙2 = (φ′)2(f(r))2 (15)
Then the line element (13) becomes
ds2emer = (f(r) − φ˙2)dω2 −
dr2
(f(r) − φ˙2) − r
2dΩ2 (16)
Let us assume a solution to (15) of the form φ(r, t) =
φ1(r) + φ2(t). Then (15) reduces to
φ˙22 = (φ
′
1)
2(1 − 2M
r
+
Q2
r2
− Λ
3
r2)2 = K (17)
K(6= 0) is a constant (K 6= 0 means k-essence field will
have non-zero kinetic energy). From (17) we get φ˙2(t) =√
K and φ′1(r) =
√
K
f(r) . So the solution of (15) is
φ(r, t) = φ1(r) + φ2(t)
= −3
√
K
2Λ
[A ln(r2 + l1r +m1) +B ln(r
2 − l1r + n1)]
−3
√
K
2Λ
[
A(2C − l1)√
m1 − l21/4
tan−1(
r + l1/2√
m1 − l21/4
)
+
B(2D + l1)√
n1 − l21/4
tan−1(
r − l1/2√
n1 − l21/4
)] +
√
Kt
(18)
where
φ1(r) = −3
√
K
Λ
∫
r2dr
r4 − 3Λr2 + 6MΛ r − 3Q
2
Λ
= −3
√
K
Λ
∫
r2dr
(r2 + l1r +m1)(r2 − l1r + n1)
= −3
√
K
Λ
[
∫
Ar + C
(r2 + l1r +m1)
dr +
∫
Br +D
(r2 − l1r + n1)dr]
= −3
√
K
2Λ
[A ln(r2 + l1r +m1) +B ln(r
2 − l1r + n1)]
−3
√
K
2Λ
[
A(2C − l1)√
m1 − l21/4
tan−1(
r + l1/2√
m1 − l21/4
)
+
B(2D + l1)√
n1 − l21/4
tan−1(
r − l1/2√
n1 − l21/4
)]
(19)
and
φ2(t) =
√
Kt. (20)
Now we clarify the parameters of the above equation
(18) A = − l1(m1+n1)N , B = l1(m1+n1)N , C = n1(n1−m1)N ,
D = −m1(n1−m1)N , N = 2l21(m1 + n1) + (m1 − n1)2,
l1 = [(
E1+
√
E2
1
−4D3
1
2 )
1/3 + (
E1−
√
E2
1
−4D3
1
2 )
1/3 + 2Λ ]
1/2,
m1 =
1
2Λl1
(Λl31 − 3l1− 6M) , n1 = 12Λl1 (Λl31 − 3l1+6M),
E1 =
1
Λ3 [(36M
2 − 24Q2)Λ − 2] , D1 = 1Λ2 (1− 4Q2Λ)
Applying the equation (17) in equation (16) we get the
emergent line element
ds2emer = (1−
2M
r
+
Q2
r2
− Λ
3
r2 −K)dω2
− dr
2
(1− 2Mr + Q
2
r2 − Λ3 r2 −K)
− r2dΩ2
= (ǫ − 2M
r
+
Q2
r2
− Λ
3
r2)dω2
− dr
2
(ǫ− 2Mr + Q
2
r2 − Λ3 r2)
− r2dΩ2 (21)
with ǫ = (1 −K) = constant.
Now we are using the Eddington-Finkelstein coordi-
nates (v, r) or (u, r) i.e., introducing advanced and re-
tarded null coordinates
v = ω + r∗ ; u = ω − r∗ ;
4dr∗ =
dr
(ǫ− 2Mr + Q
2
r2 − Λ3 r2)
(22)
Then from (21) we get
ds2emer = (ǫ−
2M
r
+
Q2
r2
− Λ
3
r2)dv2 − 2dvdr − r2dΩ2
(23)
For the solution (18) of φ(r, t), the line element (21)
and (23) are analogous to the Robinson-Trautman (RT)
type metric with cosmological constant Λ ([60], Chapter-
9, page no.-166, Chapter-19 and [61], Chapter-28). The
Λ parameter comes from the background RN-de Sitter
gravitational metric. This RT type spacetime contains
surfaces of constant positive, zero or negative Gaussian
curvature according to whether ǫ = +1, 0,−1 respec-
tively.
In our case ǫ 6= +1 since if ǫ = 1 then K = φ˙22 = 0
which implies dark energy is absent but in the k-essence
theory, dark energy density (in unit of critical density)
i.e. kinetic energy of the k-essence scalar field can not
be zero. Also, ǫ 6= −1 since if ǫ = −1 then K = 2 but
the total energy density cannot exceed unity (Ωmatter +
Ωradiation + Ωdarkenergy = 1). Although ǫ = 1 is a valid
solution in every spherically symmetric mass distribution
starting from earth, star, etc. even in the presence of the
cosmological constant. So, for the above reasons, the RT
type emergent solution of the Einstein equation provided
us ǫ = 0 i.e., K = 1 which implies Ωdarkenergy = 1 and
the other energy densities are taken to be zero. So we
can consider this is the special case where the emergent
spacetime is only dark energy dominated. This is one
possibility for satisfying the Einstein equation in the con-
text of emergent spacetime. Here we have shown that the
total energy density cannot exceed unity by mentioning
the relation Ωmatter+Ωradiation+Ωdarkenergy = 1 [7] only
to get the permissible values of ǫ i.e., K and most impor-
tantly we are not relating it with Friedmann-Lemaitre-
Robertson-Walker (FLRW) metric since we have not con-
sidered FLRW spacetime as a background.
Note that dark energy density (K) i.e., K.E. of the
k-essence scalar field is the essential property of the k-
essence theory which can not be redefined with the radial
coordinate r to absorb the ǫ. Also, the case K=1 of
(21) does not seem to have a Newtonian limit [63], which
makes it unsuitable for describing astrophysical objects.
However, this may not be suitable as an astrophysical
object but still, it is a consistent solution to Einstein’s
equation.
Also, mention that the emergent line element (21) or
(23) is not the dRGT type massive gravity [58, 59] line
element. In a massive-gravitymodel [56, 57], all the phys-
ical parameters depend on graviton mass mg and in the
line element, present the linear term of r in addition to
the cosmological constant. But in our case, there is no
linear term of r is present in the line element (23). Here
we are mapping the emergent gravity spacetime in the
context of dark energy for a particular type of k-essence
scalar field (18) with the RT type spacetime only.
Note that the solution φ(r, t) (18) is satisfied emergent
gravity equation of motion (7) at r → ∞: G¯00∂20φ2 +
[G¯11(∂21φ1 − Γ111∂1φ1)] + G¯01∇0∇1φ + G¯10∇1∇0φ +
G¯22∇2∇2φ + G¯33∇3∇3φ = 0. The first term van-
ishes since φ2(t) linear in t and second term within
third bracket vanish at r → ∞ because 2nd term =
−
√
K
2
(3ǫr2−6Mr+3Q2−Λr4)(6Λr4−18Mr+18Q2)
3r(Λr4−3r2+6Mr−3Q2)2 and the third
and fourth terms vanish because G¯01 = G¯10 = 0 and the
last two terms vanish since φ is not dependent on θ and
Φ in this case.
IV. THERMODYNAMICS OF
ROBINSON-TRAUTMAN TYPE METRIC WITH
COSMOLOGICAL CONSTANT Λ
We rewrite the RT metric (21) with cosmological con-
stant Λ as
ds2RT = F (r)dω
2 − dr
2
F (r)
− r2dΩ2 (24)
where
F (r) = (ǫ− 2M
r
+
Q2
r2
− Λ
3
r2). (25)
At the horizon F (r) = 0, which admits the quartic equa-
tion of r. The roots are
r =
−l±√l2 − 4m
2
,
l ±√l2 − 4n
2
(26)
where l = [(E+
√
E2−4W 3
2 )
1/3 + (E−
√
E2−4W 3
2 )
1/3 +
2ǫ
Λ ]
1/2 ; m = 12 (
−3ǫ
Λ + l
2 − 6MΛl ) , n = 12 (−3ǫΛ +
l2 + 6MΛl ) ; E =
1
Λ3 [(36M
2 − 24Q2ǫ)Λ − 2ǫ3] ; W =
1
Λ2 (ǫ
2 − 4Q2Λ).
Depending upon the values of parameters
M,Q,Λ and ǫ we can denote the roots are
rcd, r+d, r−d, r4d in the presence of dark energy. The
order of roots are rcd > r+d > r−d > r4d where r4d < 0.
The root rcd denotes the location of the cosmological
event horizon, r+d denotes the location of the black hole
event (outer) horizon and r−d denotes the location of
the Cauchy (inner) horizon of this black hole spacetime
(24) [46, 47]. Note that r4d does not correspond to a
physical horizon in this spacetime.
The equations
F (r+d) = 0 = Q
2 − 2Mr+d + r2+d(ǫ −
Λ
3
r2+d) (27)
and
F (rcd) = 0 = Q
2 − 2Mrcd + r2cd(ǫ−
Λ
3
r2cd) (28)
are rearranged in terms of rcd and r+d as
Q2 = rcdr+d[ǫ− Λ
3
(r2cd + rcdr+d + r
2
+d)] (29)
5and
2M = (r+d + rcd)[ǫ− Λ
3
(r2cd + r
2
+d)]. (30)
The surface gravity on the black hole and the cosmolog-
ical horizons are
κ+d =
1
2
dF
dr
|r=r+d =
1
2r3+d
[2Mr+d − 2Q2 − 2Λ
3
r4+d]
=
1
2r3+d
[r2+dǫ −Q2 − Λr4+d]
=
r+d − rcd
2r2+d
[ǫ− (r
2
cd + 2rcdr+d + 3r
2
+d)(ǫrcdr+d −Q2)
rcdr+d(r2+d + rcdr+d + r
2
cd)
]
=
r+d − rcd
2r2+d
[ǫ − Λ
3
(r2cd + 2r+drcd + 3r
2
+d)]
(31)
and
κcd =
1
2
dF
dr
|r=rcd =
1
2r3cd
[2Mrcd − 2Q2 − 2Λ
3
r4cd]
=
1
2r3cd
[r2cdǫ−Q2 − Λr4cd]
=
rcd − r+d
2r2cd
[ǫ− (r
2
+d + 2rcdr+d + 3r
2
cd)(ǫrcdr+d −Q2)
rcdr+d(r2+d + rcdr+d + r
2
cd)
]
=
rcd − r+d
2r2cd
[ǫ − Λ
3
(r2+d + 2r+drcd + 3r
2
cd)]
(32)
The first law of thermodynamics for the black hole
horizon and the cosmological horizon are expressed as
[46, 48–51, 54, 55]:
δM =
κ+d
2π
δS+d + ϕ+dδQ+ V+dδP (33)
and
δM =
κcd
2π
δScd + ϕcdδQ+ VcdδP (34)
where S+d = πr
2
+d, Scd = πr
2
cd, ϕ+d = Q/r+d, ϕcd =
−(Q/rcd), V+d = 4π3 r3+d, Vcd = 4π3 r3cd and P = − Λ8π .
This law means that total energy of the black hole system
is conserved.
In [46, 47, 52] obtained that the outgoing rate of the
charged de Sitter spacetime which radiates particles with
energy ω is Γ = e(∆S+d+∆Scd) where ∆S+d and ∆Scd are
Bekenstein-Hawking entropy difference in the presence
of dark energy corresponding to the black hole horizon
and the cosmological horizon after the charged de Sitter
spacetime radiates particles with energy ω. Therefore, in
this context, we can say that the thermodynamic entropy
of the RT type spacetime in the presence of dark energy
is the sum of the black hole horizon entropy and the
cosmological horizon entropy (as in [46, 47]):
S = S+d + Scd. (35)
substituting the values of δS+d and δScd from equations
(33 and 34) in equation (35) we get
dS = 2π(
1
κ+d
+
1
κcd
)dM − 2π(ϕ+d
κ+d
+
ϕcd
κcd
)dQ
−2π(V+d
κ+d
+
Vcd
κcd
)dP = 2π(
1
κ+d
+
1
κcd
)dM
−2π(ϕ+d
κ+d
+
ϕcd
κcd
)dQ+
π
3
(
r3+d
κ+d
+
r3cd
κcd
)dΛ. (36)
For the sake of simplicity, we consider the uncharged
case, then the above equation (36) become
dS = 2π(
1
κ+d
+
1
κcd
)dM +
π
3
(
r3+d
κ+d
+
r3cd
κcd
)dΛ. (37)
Differentiating equations (27) and (28) and using equa-
tions (31) and (32) we get
dr+d =
dM
r+dκ+d
+
(r3+d/3)
2r+dκ+d
dΛ (38)
and
drcd =
dM
rcdκcd
+
(r3cd/3)
2rcdκcd
dΛ. (39)
The thermodynamic volume [46, 48, 53] of RT type
spacetime (24) is given as
V =
4π
3
(r3cd − r3+d). (40)
Now substituting the values of dr+d and drcd in (40)
we get
dV = 4π(
rcd
κcd
− r+d
κ+d
)dM +
2π
3
(
r4cd
κcd
− r
4
+d
κ+d
)dΛ. (41)
Using equations (37) and (41), one can derive the ther-
modynamic equation [46, 53]
dM = T deffdS − P deffdV. (42)
The effective temperature T deff is
T deff = [
(y4 + y3 − 2y2 + y + 1)
4πrcdy(y + 1)(y2 + y + 1)
]ǫ
−Q
2
4π
[
(y6 + y5 + y4 − 2y3 + y2 + y + 1)
r3cdy
3(y + 1)(y2 + y + 1)
] (43)
and the effective pressure P deff is
P deff = [
(1− y)(1 + 3y + 3y2 + 3y3 + y4)
8πr2cdy(1 + y)(1 + y + y
2)2
]ǫ
−Q
2
8π
[
(1− y)(1 + 2y + 3y2 − 3y5 − 2y6 − y7)
r4cdy
3(1 + y)(1− y3)(1 + y + y2) ] (44)
where y =
r+d
rcd
and 0 < y < 1.
Because of the temperature and pressure are positive
6that the thermodynamical stability should express appro-
priately and it should satisfy the following requirement:
T deff > 0 and P
d
eff > 0.
But in our case, we are restricting the value of ǫ is
ǫ = 0 i.e. K = 1, which implies the following situations:
a) For Q 6= 0, it is evident from (43) and (44) that the
effective temperature and pressure are negative. Nega-
tivity of pressure indicates that the universe is dark en-
ergy dominated whereas negative temperature stands for
a thermodynamically unstable system. So in this situa-
tion, for the restriction of the dark energy density lim-
iting to unity, RT type spacetime (24) is thermodynam-
ically unstable though this type of spacetime is a valid
solutions of Einstein’s field equation. We can describe
this type of situation as per Ref. [64]: thermodynami-
cally unstable situation is physically plausible only when
we consider spin degrees of freedom of a system without
taking translational degrees of freedom (i.e., coordinates
and momenta of the system) into account. Based on this
consideration the number of possible spin states, at first,
increase with energy leading to a maximum and finally
decreases again. This feature indicates that the absolute
spin temperatures may be negative as well as positive.
So we can infer that the RT type black hole (24) can be
projected as a physical reality only by considering spin
degrees of freedom an exceptional condition.
b) Another condition: if ǫ = 0 and Q = 0 then we see
that from (43) and (44) the effective temperature and
pressure are both zero. Zero temperature means that
the RT type black hole (24) does not radiate and zero
pressure means the volume-thermodynamic system be-
comes area-thermodynamic since horizons have nonzero
area.
Now we are considering the problem when the black
hole event horizon and the cosmological event horizon
are independent of each other i.e., the two horizons are
coincide [46], then,
r2+d/cd =
ǫ ±
√
ǫ2 − 4Q2Λ
2Λ
≡ r20d. (45)
From above equation (45) we can see that r20d =
iQ√
Λ
i.e., imaginary horizon since in our case the dark energy
density is to be unity (K = 1) i.e., ǫ = 0. Again from
(31) and (32) we see that the surface gravity of the two
horizons are zero as two horizons are coinciding. Thus the
temperatures of both horizons are zero in the presence of
dark energy when two horizons are coincided. However,
both horizons have the nonzero area, which means that
the entropy for the two horizons should not be zero.
V. CONCLUSION
We have investigated the thermodynamics of a black
hole in the context of dark energy in an emergent gravity
scenario using k-essence model for Reissner -Nordstrom
- de Sitter background. The emergent gravity space-
time has to be conformally invariant with the Robinson
-Trautman type spacetime with cosmological constant Λ.
The evaluated thermodynamical quantities like surface
gravity, area law, temperature, pressure etc. are different
from the usual ones. As our restriction of the emergent
spacetime (23), taken to be the dark energy density i.e.,
the kinetic energy of the k-essence scalar field is unity,
the RT type emergent black hole does not radiate when
Q = 0 and when Q 6= 0 the system possess thermodynam-
ically unstable equilibrium.So we can say that the RT type
emergent black hole (23) is thermodynamically unstable
in the presence of dark energy and which can be projected
as a physical reality only by considering spin degrees of
freedom an exceptional condition. Also, for this restric-
tion in the RT type emergent metric (23), we conclude
that this type of spacetime is only dark energy dominated
as a special consideration since it is a valid solution of the
Einstein equation.
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